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already in use, applied to the same subjects, would assess similarly their powers of dark adaptation. Dr. L. J. Harris kindly agreed to co-operate and a series of comparative tests was therefore made. In these, Dr. M. A. Abbasy, from Dr. Harris' laboratory, used the Birch-Hirschfeld photometer and biophotometer, with the assistance of members of the staff of the Rowett Research Institute. Members of the present team used the Mutch-Griffith apparatus and the Rowett adaptometer, described in the second paper of this series (Thomson et al., 1939) . It should be noted that the new instrument was then being used simply to estimate the threshold attained by the subject after 15 minutes' dark adaptation, five minutes thereafter being allowed for the test.
Assessments were made on 12 adults (members of staff), 12 adolescent boys from an industrial school and 24 school children from a poor quarter in Aberdeen. After 15 minutes in darkness, each subject was tested on the four instruments in the following order: -Rowett adaptometer; Mutch-Griffith photometer; biophotometer; Birch-Hirschfeld photometer. Tests were made on three consecutive days without vitamin A supplementation and again after an interval (one to 11 days in different cases) during which vitamin A was given as two capsules of halibut liver oil daily.* One of the children was not retested after taking vitamin A, on account of illness.
It is not proposed to present the results in detail. They may be briefly summarised as follows -of the original 48 cases, 19 were assessed normal and 7 subnormal by all methods. Of 47 retested after taking vitamin A, 38 were assessed normal by all methods. The remaining 22 in the first test, and 9 in the second, were each assessed abnormal by one or more methods, but none of them by all four methods.
The two tests coming first in the series selected many more subjects as " deficient " than did the Birch-Hirschfeld photometer and biophotometer. This suggested that the length of the period in darkness, or dim light, prior to the test might be affecting the results. It was, therefore, decided to investigate the matter more fully on the Rowett adaptometer. A few preliminary tests showed that not all subjects were completely dark adapted in 20 minutes, and that the time required for complete adaptation depended on the antecedent illumination in which the subject had been working. For further clarification of the relationship between previous light conditions and the subsequent rate of dark adaptation, we began to time the course of dark adaptation down the light scale on the adaptometer, following ' 
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various antecedent lights. The development of this work, and a description of the final technique, which gives a result independent of previous light conditions, was given in our second paper (Thomson et al., 1939) .
Technical difficulties having been overcome, we investigated the relationship between rate of dark adaptation and vitamin A intake. All the work now to be described was done with the full technique, using the E test object.
Determination of Normal Standards of Dark Adaptation.-At the beginning of this work it was tentatively assumed (a) that the vast majority of cases of clinical and subclinical hemeralopia are due to varying degrees of vitamin A deficiency, (b) that there is a quantitative correlation between degree of hemeralopia and vitamin A intake and (c) that all except a few anomalous and pathological cases of hemeralopia can be cured rapidly by administration of a vitamin A concentrate. These assumptions were founded on much previous work on the subject by many workers, e.g., Jeans, Blanchard and Zentmire (1937) , Jehgers (1937) , Maitra and Harris (1937) , Edmund and Clemmesen (1936) , Mutch and Griffith (1937) . At this time Palmer and Blumberg (1937) , using the biophotometer, and Snelling (1936) , using the Birch-Hirschfeld photometer, had shown that results were not reliable nor responses to vitamin A administration consistent, but as the methods were open to criticism on grounds of technique, the physiological concepts behind them were not necessarily invalidated.
With these ideas in mind, we carried out tests on a number of subjects to determine the standards of dark adaptation to be expected in normal subjects, i.e., subjects who habitually took a diet such as is considered not to be deficient in vitamin A. This was done on 53 adults (mainly workers in the Rowett Institute), who were all on a good normal diet, some of whom had been taking halibut liver over long periods and all of whom received one week's supplementation of two capsules of halibut liver oil (17,000 I.U. of vitamin A) daily prior to testing. The average curve obtained and the frequency distribution are presented in Tables I and II . The frequency distribution is based on the " time to aperture 2," which was chosen because, firstly, it represents practically complete adaptation and, secondly, most of those who experienced delay in seeing the test object at aperture 2 gave readings to aperture 4 within the same time range as those who completed adaptation in 14 minutes or less. Repeat tests showed that this delay was not due to lack of practice or of concentration. It should be noted, therefore, that it is inadequate to record only the upper portion of the curve, as the slope of this part seems to bear no constant relation to the form of the remainder. This point is stressed by Tansley (1939) and has already been discussed in our last paper.
As regards sex differentiation, the above group consisted of 32 males and 21 females. The average for the sexes separately, and the deviations from these averages, are very similar, so that we do not think it necessary to present the data separately.
From the above results, we concluded that subjects who were not deficient in vitamin A might be divided into two groups on the basis of " time to aperture 2 "; the larger of the groups, 80 per cent. of the subjects, reached that aperture in from 7 to 14 minutes and the distribution about the mean was roughly symmetrical. The other group took longer than 14 minutes, and from the differences in the shape of their curves could be considered as being " anomalous " in some way.
As will be seen, further work made this tentative division difficult to retain. It is, however, roughly the basis on which we distinguish between " normal " and " delayed " adaptation. Table I are calculated as the intake per head per day. In three of these areas, an experimental group of children had been given a general dietary supplement for one year previous to the test, the remainder of the surveyed population acting as controls. In the dietary supplements, the main source of vitamin A was halibut liver oil. Milk, cheese, eggs and vegetables also provided part of the supplement of vitamin A. However inaccurate, therefore, the estimates of dietary vitamin A intake from the unsupplemented diets may be, there is no doubt that the vitamin A intake of the experimental children was much higher than that of the controls. Nor is there any doubt that the vitamin A intake of the Rowett adults and public school boys was much above that of the other unsupplemented groups.
Precautions were taken throughout this survey work that the workers did not know whether the subject being tested was from the " fed " or control group. Thus any possibility of influencing the results through preconceived ideas was eliminated.
The first subjects tested were boys in an orphanage whose normal diet contained about 1,000 I.U. of vitamin A per head per day. A proportion of them had received supplements which were calculated to add 5,000 I.U. to this amount daily. Tests were conducted in July, 1938, when the extra food had been given for six months, and in January, 1939, when it had been given for a year. The average curves obtained and the frequency distributions are shown in Tables I and II. Owing to boys leaving the institution, the groups were not identical at each test, but 24 boys from the fed group and 23 from the control group were tested on both occasions. Table III presents the detailed data for these.
In the interval between these two tests, the method was applied in other areas as follows:
(1) On 30 children from a community in South Wales, whose average daily intake of vitamin A was approximately 3,000 I.U. per head per day.
(2) On 50 boys from a private boarding school in the North of Scotland. These boys had been maintained for at least a year previously on a first-class diet and in a first-class environment. The . o -. ui . "-.11 -!.,
1. a; 6 6 PQ P. . Inspection of the detailed orphanage results (Table III) shows that the rate of adaptation in certain individuals changed markedly in the six months between the July and January tests, e.g., G.G., J.T., I.K., J.R., J.W. These changes did. not correspond to any known change in the diet or environment. It is noteworthy that the greatest changes are for the better. As a number of these cases were tested twice on each occasion, with excellent agreement between the results, the improvement does not appear to have been due to practice.
Effect of Vitamin A Administration in Individual Cases.-Two groups of children at the orphanage who gave slow curves were intensively treated with vitamin A concentrate and retested at intervals. The first group (four boys) had been on the basal diet for at least one year previously. The second group (two girls and one boy) had been on the supplemented diet for a year. A control group of 5 boys was tested at intervals without receiving any medication. In order that the question of the vitamin A potency of the halibut liver oil might not arise, half the children were given halibut liver oil (18,900 I.U. of vitamin A daily) and half avoleum (12,000 I.U. vitamin A daily).
The results are summarised in Graphs 1, 2 and 3, plotted as "time to aperture 2 " against the day of test. It will be seen that no consistent improvement was produced by the vitamin A. Of exceptional interest, however, is the dramatic improvement in two cases in group 2 (Graph 2) which occurred after the ninth day of supplementation. If this improvement was due to vitamin A, the question of a critical dose or of cumulative effect arises. This should be considered in connection with questions of absorption of the vitamin (see discussion).
A similar experiment was carried out for three weeks on four children in Aberdeen. These had a preliminary test; then they were given two capsules of halibut liver oil (about 16,000 I.U. of vitamin A) daily and retested at intervals. The data of this experiment are not complete owing to domestic disturbances in the families concerned. The results are shown in Graph 4 and show fluctuations similar to those obtained in the orphanage. Onie child in this series should receive special mention (curve marked G.K.). He had been tested six months previously, in summer, during the experimental work on technique, and had given very slow curves on several occasions. The improvement which his performance underwent during the next six months is parallel to one or two cases in Table III . Here, also, there was no obvious change in diet or surroundings, other than the treatment with halibut liver oil which he had during the tests six months earlier, which might account for the change in rate of dark adaptation.
In addition to these data, there are the cases of certain workers at the Rowett Institute who have consistently given very slow Haines (1938) , JuhaszSchaffer (1938) , McKenzie (1938 McKenzie ( , 1939 . It should be noted, however, that Juha'sz-Schaffer found a similar improvement when wheat germ oil was administered.
Other workers (Poulsen (1937), Snelling (1938) , Gantzel (1938), Frazier and Li (1938) , Isaacs, Jung and Ivy (1938) and Palmer (1938) ) found no correlation between dietary vitamin A and dark adaptation, or no consistent improvement on administration of vitamin A. Staz (1937) , Schuck and Miller (1938) , Vanzant (1938) and Kentgens (1938) Jehgers (1937) , and Pett (1938) have observed the effect on dark adaptation of an experimental diet low in vitamin A, using various techniques. They all report diminished rate of dark adaptation or a raised threshold after a specific time, the first effects being observed after a period on the diet which varied from 1 day (Hecht and Mandelbaum, 1939) to 124 days (Booher et al., 1939) .
There is also considerable doubt about the time required for a " cure " by administration of vitamin A. Thus Wald, Jehgers and Arminio* obtained a response in about 30 minutes by oral administration of 100,000 I.U. in one dose and complete normality within 21 hours, whereas Hecht and Mandelbaum found that two months were required for a complete cure and that a single injection of 100,000 I.U. during the period of slow adaptation caused very little and very transient change.
The attempt has been made by certain workers to correlate the vitamin A content of the blood and rate of dark adaptation. Lindqvist (1938) and JuhAsz-Schaffer (1938) obtained positive results, but these were not confirmed by Baum and McCoord (1939) and Pies and Wendt (1939) . Kentgens (1938) Five adults on an adequate diet were tested with white light and immediately afterwards with violet. They were then given 17,000 I.U. of vitamin A daily, as halibut liver oil, for seven to 10 days, and retested. The average curves are presented in Graph 5. From these results it was concluded that aperture 5, using the violet light, was roughly equivalent to aperture 2 on GRAPH 5.-SAME SUBJECTS, TESTED WITH AND WITHOUT VIOLET FILTER. 
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. the standard apparatus. Direct measurements of illumination were not made. Following on this, 12 children from a slum clearance area in Aberdeen were tested with violet light, then given two capsules of halibut liver oil daily for varying intervals, and retested twice during the dosage period (in some cases once). The testing of one child had to be abandoned owing to lack of co-operation. The results for the remainder are shown in Table IV .
It will be seen that there seems to be no very significant difference between the results on white light and on violet light.
Sources of Error.-Apart from the technical differences and errors which have confused the study of this problem, many other difficulties arise to complicate the issue.
The estimation of the amount of vitamin A or its precursors in foodstuffs has not yet reached a high degree of precision; published results for any one foodstuff show a wide range of variation, and it is not possible to be certain that published results are valid for the particular foods in any one diet. In experimental studies in which large doses of concentrates are given, this is not of importance, but it is of importance when attempts are made to correlate the vitamin A or carotene content of natural foodstuffs with dark adaptation.
Absorption and Utilisation.-It is generally held that preformed vitamin A and its precursors are absorbed into the portal circulation and that the liver acts as a store in which conversion of precursors to vitamin A takes place. It has been found that preformed vitamin A is almost completely absorbed from the intestine (Wendt (1937) , Wilson et al. (1937); De (1937) ) but that only half or less than half of the carotenoids may be absorbed (Wilson et al.; De; Van Eekelen and Pannevis, (1938) ; Clausen and McCoord (1938) Storage.-Little is known about the storage of vitamin A in the human subject, but it is a possibility that fluctuations in response to the administration of vitamin A and to diets low in vitamin A may be due to variable stores or storage capacity. Moore -(1937) estimated the vitamin A reserves in 1,000 adult livers and found that these varied greatly in various pathological states. Ellison and Moore (1937) estimated the reserves at autopsy of the livers of children under 15 with similar results. Work on animals does not give much more information about factors influencing storage. However, Davies and Moore (1937) brought forward evidence that vitamin A reserves in the rat are influenced by previous diet. Chevallier, Choron and Espy (1936) found a seasonal fluctuation of liver reserves in guinea pigs. Thorbjarnarson and Drummond (1938) claimed that storage in the rat was maximal when the diet contained much fat and that choline depleted these stores. Their results, however, were not iubstantiated by Lease and Steenbock (1939) .
Ro'le of Vitamin A in Light Perception.-Since the experiments of Fridericia and Holm (1925) who showed that dark adaptation is accompanied by regeneration of visual purple in the retina, it has usually been considered that retinal sensitivity is a simple function of visual purple concentration in the retina. IHecht had shown (1920) that the retinal sensitivity curve of the human subject fits the theoretical curve of a bimolecular reaction and it seemed probable that the bleaching and regeneration of visual purple was due to a reversible bimolecular reaction. The work of Wald (1934) further suggested that vitamin A. was one of the breakdown products of visual purple during bleaching and a visual purple -visual yellow-vitamin A cycle was postulated and formed a physiological background to clinical observations that subjective night blindness may be cured by vitamin A concentrates.
Recently, however, there have been critics of this hypothesis. Krause and Sidwell (1938) found no evidence of vitamin A, or substances of a carotenoid nature in the decomposition products of ox visual purple, and suggest that Wald's hypothesis was based on a non-specific colour reaction. Granit et al. (1939) , in a series of well controlled experiments on frogs and cats, showed that retinal sensitivity, as measured by the electrical response, is not a simple function of visual purple regeneration, and that the progress of the latter does not fit Hecht's theoretical bimolecular curve. In the cat, the electrical response may be absent when as much as 40 per cent. of the maximum concentration of visual purple is present in the retina.
The Role of Substances Other than Vitamin A in Dark Adaptation.-Recently it has been claimed by Stewart (1939) that, whereas dark adaptation bore no relation to vitamin A intake, and administration of concentrates to " slow " subjects had no effect, the addition of large doses of ascorbic acid with the vitamin A ,aused an immediate response. Kimble and Gordon (1939) claim 716 group.bmj.com that subjects who do not improve under intensive vitamin A administration respond to lactoflavin or to ascorbic acid.t
We find it difficult to support these results for the reason that in our survey reported above general dietary supplements were given, including vitamin C and lactoflavin (in natural foodstuffs). Furthermore, vitamin C saturation tests were made by Dr. J. Pemberton on 62 boys at the orphanage, on 50 of whom hemeralopia tests were also made. The saturation tests showed a complete cleavage between " fed " and " control " boys. Those in the " fed " group were " saturated " with vitamin C in the sense that a marked increase in urinary excretion followed administration of a test dose of ascorbic acid. The controls gave no response and a subgroup of them showed an average deficit of about 1 g. of ascorbic acid. There is no such division in the dark adaptation of the two groups of boys.
Hemeralopia in Pathological Conditions.-It has long been known that clinical night blindness may be associated with icteric conditions. This may be due to depletion of liver stores, or to solution of the visual purple in the presence of bile salts in the blood and its removal from the retina. Haig et al. (1938) report cure of hemeralopia in two of their cases of alcoholic cirrhosis by very high doses of vitamin A by mouth. Bushke (1937) obtained similar results. Ezickson and Feldman (1937) describe severe hemeralopia in cases of urolithiasis which was not curable by vitamin A administration and postulate a failure of absorption or utilisation rather than a dietary deficiency. Wohl and Feldman (1939) and Zaffke (1939) Josephson and Freiberger (1937) and Tscherkes (1938) claim to have cured the hemeralopia of retinitis pigmentosa by injection of vitamin A.
There is also a possibility that severe deficiency in childhood may result in permanent hemeralopia. With reference to Hart and Guilbert's observations on domestic animals, Tansley (1939) says that " if the deficiency is allowed to become severe enough to affect the rod structure, the resultant night blindness is, in fact, incurable." Clinical Night Blindness.-It has long been known that subjective night blindness may frequently be cured by liver or liver oils. More recent confirmation of this observation is given by Fisher (1938) and Vaillant and Gillis (1939) .
It appears less certain that hemeralopia is an essential or early part of the vitamin A deficiency syndrome. Thus Ayuyao (1937) describing 393 cases of xerophthalmia in children savs that only 44 were night blind, while Sweet and K'ang (1935) Hecht and Mandelbaum (1939) in their four subjects on a diet of low vitamin A content, but it is not possible to draw any conclusions on the extent of cure in Aykroyd's cases except that subjective symptoms disappeared.
It is of interest to note that Aykroyd was unable to determine whether the night blind Labrador fisherman in the dark slowly adapts to the normal threshold. " In practice, a night blind individual does not linger in the dark...." But that a significant degree of dark adaptation did occur is proved by the custom of bandaging one eye during the day so that it could be used at night.
The conclusions of Frazier and Li (1938) are of great interest as they appear to be the only workers who have measured hemeralopia (by the Birch-Hirschfeld method) on subjects who suffered from obvious clinical manifestations of vitamin A deficiency. They Our own observations on subjectively night blind subjects are limited to two adults, but this does not exclude the possibility that there were others equally bad who were not conscious of the condition. Modern conditions of lighting make it difficult to discover hemeralopia. One of these adults remained night blind for months in spite of high doses of halibut liver oil, then suddenly became normal, but unfortunately under uncontrolled conditions which make it doubtful if the cause was vitamin A administration. He did not take any vitamin A concentrates for four months after the " cure " was discovered but did not change appreciably from his new level of dark adaptation.
The other subject, who complained of difficulty in seeing in the dark, and in driving a car at night, was having a good diet, and had been taking two capsules of halibut liver oil (17,000 I.U. vitamin A) daily for 11 years previously, except during the five weeks prior to her first test. At this time her rate of adaptation was so slow that the observations were not completed. After this test she took halibut liver oil again for seven weeks, which produced a significant improvement, but not a " dramatic " one. For the next week she took 100,000 I.U. of vitamin A daily (as "Vitamin A Oral "-Crookes), returning after that to halibut liver oil. The high dosage produced a marked improvement, but there was a slight relapse three days after returning to halibut liver oil. Finally 100,000 I.U. of vitamin A were injected intramuscularly, and a test was made 17 hours later. On this occasion her performance was completely normal.* The course of her power of dark adaptation is shown in Table V and in Graphs 6 and 7.
We do not propose to comment on these results, except to say that it seems that the hemeralopia in this subject was not due to any dietary deficiency of vitamin A. Nor was it due to any known disease or abnormality. 
